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Abstract.  Through the conventional chlor-alkali production process, highly mercury (Hg) contaminated 
waste sludge is produced. Improper handling and disposal of this sludge may cause an environmental hazard. 
The leaching behaviour of Hg of land disposed mercurial sludge, originating from a chlor-alkali plant that still 
is in operation, was investigated using the German DIN 38414-S4 test. The total mercury content of the 
samples was above 1500 mg/kg, allowing the material to be classified as hazardous and high mercury waste. 
Concentrations of Hg in the leachates were higher than 0.02 mg/l stipulated by the 1991 EEC Landfill 
Directive Draft as a maximum limit for a waste that is to be landfilled. Total Hg contents and leachability 
differed markedly between the samples, pointing to a heterogeneity in the production of the sludge. The more 
limited release of Hg from one of the samples might reflect an ageing effect, or might reflect a better quality of 
the stabilization process at the time of production. Results indicate that the approach used to stabilize the 
sludge has not been sufficiently effective, and warrant caution about existing disposal sites and future 
management of these mercury containing waste materials. 
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Introduction 
 
Mercury-cell chlor-alkali plants (MCCaP) produce 
chlorine and caustic soda by electrolysis of brine, using 
mercury as the cathode. In this process, large quantities of 
mercury are handled. Although this process is based on 
19th century technology, MCCaPs around the world still 
account for roughly 15% of the global mercury demand, 
and are a significant source of local and global mercury 
pollution (Biester et al, 2002; Ulrich et al., 2007). This 
process is not anymore considered good industrial 
practice and is increasingly being replaced by more 
environmentally friendly technologies such as those 
involving the use of diaphragm and membranes cells 
(Mukherjee et al., 2004). 
 In Cuba, the production of chlorine and caustic soda 
started in the mid 1930's. Thousands of tons of mercurial 
sludge are currently stored in the surroundings of the 
plant, constituting a possible hazard to human health and 
environment.  
 The mercury containing solid wastes in the Cuban 
factory are generated after mixing the exhausted mercury 
of the electrolytic cell with sodium sulphide in a first 
step, and with sodium chloride, calcium carbonate, 
magnesium hydroxide and diatomaceous earth in a 
second step. Contact of the sludge with ground water or 
rain may cause mercury to leach and contaminate the soil 
and underground water. In the present work, the DIN S4-
leaching test was used to assess mercury release from this 
contaminated sludge. The main objective of this study is 
to evaluate the actual environmental risk that this 
mercurial sludge represents. 
 
Materials and Methods 
 
Two samples of mercurial waste sludge were collected 
from two different storage niches on the disposal site. 
Sample 1 had been more than one year in the niche 
whereas Sample 2 was disposed four months before 
sampling. Each sample was prepared as a composite 
sample from equal amounts of sludge taken from three 
different points on a diagonal line. Samples were air-
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dried for seven days, hand-crushed in a mortar, and 
passed through a 2 mm sieve.  
 Sample properties such as pH, electrical 
conductivity, organic matter content and carbonate 
content were determined using standard procedured (Van 
Ranst et al., 1999). Total mercury content was determined 
by cold vapour atomic absorption spectrometry (Mercury 
Analyzer MAS-50, Coleman, Oak Brook, Illinois, USA) 
after a specific destruction as reported by Cottenie 
(1982). 
 Leachability of Hg from the mercurial sludge was 
assessed using the DIN 38414-S4 leaching test (DIN 
38414-S4, 1984). After determination of pH and 
electrical conductivity the leachate samples was acidified 
to a pH below 2 with concentrated HNO3 to store the 
sample before analysis. All extractions were carried out 
in triplicate. Total concentration of Hg in the leachates 
was determined using cold vapour atomic absorption 
spectrometry (Mercury Analyzer MAS-50, Coleman, Oak 
Brook, Illinois, USA). 
  
Results and Discussion 
 
The mercurial sludge contained up to 70% carbonates and 
exhibited an alkaline pH of 9.3 - 9.4. This is caused by 
the presence of calcium carbonate and magnesium 
hydroxide, two components added during the stabilisation 
of the waste product. Also diatomaceous earth, which is  
used at a rate of 300 g per kg sludge, contributes 
carbonate to the final waste product. Elevated chloride 
levels, in the order of 50 g/kg, result from the brine, 
which is the raw material used for the production of 
chlorine and sodium hydroxide.  
 Between the two samples, mercury total contents 
differed by a factor of three, pointing to a marked 
variability in the production of mercurial sludge. In both 
samples, mercury concentrations were much higher than 
260 mg Hg/kg, allowing the materials to be classified as 
hazardous high mercury wastes according to US EPA: 
LDR (USEPA, 2008).  
 The DIN S4 leaching test provides indications on 
the release of elements when the contaminated material is 
contacted with increasing amounts of leaching agent. 
High pH values of the leachates, at 9.5 and higher, 
resulted from the presence of free hydroxides provided by 
the Mg(OH)2 used during the preparation of the sludge. 
High values of electrical conductivity in the first fraction 
(19 dS/m) revealed the presence of significant amounts of 
soluble salts. 
 The concentrations of Hg in the fractions of the DIN 
test differed greatly, by more than one order of 
magnitude, between both samples (Fig. 1). Overall, Hg 
concentrations decreased in subsequent fractions of the 
DIN leaching test, although Sample 2 exhibited a 
pronounced increase, by a factor of three, in mercury 
concentration in the second fraction compared to the first. 
It is difficult to explain the different behaviour between 
sludge samples considering that chemical characteristics 
were similar. As Sample 1 was one year older, the more 
limited release of Hg from that sample, despite its higher 
total Hg content (5600 for Sample 1 versus 1500 for 
Sample 2) might be attributed to an ageing effect. 
However, it might also reveal a significant variability in 
the quality of stabilization applied to the sludge. Regular 
sampling and testing of the produced sludge would be 
required to ascertain the variability in the production.  
 The Council Directive 91/689/EEC on hazardous 
waste establishes when a waste can be considered a 
“hazardous waste” and defines limit concentration values 
for each hazardous constituent and the applicable test 
methods (EC, 1991). The limit value for mercury 
concentration in the leachate of DIN38414-S4 fractions is 
0.02 mg/l (Bayar et al., 2009). The mercury 
concentrations in all fractions of both samples strongly 
exceeded this permissible limit (Fig. 1). Although Sample 
1 showed a much slower release of Hg, the 
concentrations values in all fractions were still 
hundredfold above the permissible limit.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Mercury concentration in the DIN S4 leaching 
test fractions at increasing liquid to solid ratio (L/S ratio) 
for two samples of mercurial sludge samples. Note 
different scales for each of the samples. 
 
 The leaching test data clearly show that the current 
treatment of the mercury waste is not sufficiently 
effective to stabilize the mercury. Long term leaching and 
migration of contaminants from improperly disposed 
wastes can result in contamination of both surface and 
ground water.  
 The high concentrations of Hg in the DIN test 
fractions, especially for Sample 2, indicate the presence 
of more soluble mercury forms. HgCl2 has a practical 
solubility in water of 70 g/l.  However, also the solubility 
of sulphidic mercury forms may be higher than expected 
by the extremely low solubility constants of the 
compounds, considering the high pH of the mercurial 
sludge. At high pH, an increased solubility of HgS results 
from the formation of polysulphide mercury forms such 
as HgS22− and Hg(Sx)22− (with x=3-6) (Paquette and Helz, 
1997). In addition, oxidation of mercury sulphides during 
the leaching process may contribute to enhance mercury 
mobility (Holley et al., 2007). 
 Historical disposal sites may not meet the strict 
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requirements needed to guarantee safe storage of this 
highly hazardous waste material. Remedial action may 
involve treatment of the sludge to remove the mercury or 
to reduce the leachability to acceptable levels. 
Alternatively, the material may need to be disposed in 
tightly sealed and thoroughly controlled dedicated 
disposal sites. Better techniques to stabilize the generated 
mercurial sludge may also contribute toward a safe 
handling and storage of the waste. More research on long 
term leaching, mercury speciation and treatment 
technologies is needed to develop adequate strategies to 
manage this waste.    
 
Conclusion 
 
Results of the leaching test clearly indicate that the 
stabilization process applied to the mercurial sludge did 
not allow to prevent significant leaching of mercury. The 
sludge may therefore be stored only in tightly sealed 
conditions. Fortunately, the trend to shift towards other, 
non mercury based technologies will decrease and 
eventually eliminate the production of this mercurial 
waste sludge.  
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